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(54) Device for monitoring and controlling an intravenous infusion system 



(57) A device (1) is described for monitoring and 
controlling an intravenous infusion system (1), com- 
posed essentially of at least one set of electrical storage 
batteries (2), at least one housing (3) to be closed about 
a drip chamber (17) from which the tube (14) of the in- 
travenous infusion system emerges, a shutoff device (4) 
provided with an electromagnet (5) arranged to trip a 



series of levers (6, 7) and springs (8, 9), means (28, 29) 
for sensing the functions of said system and means (1 3, 
33) for indicating these latter, and an electronic operat- 
ing and/or control circuit (12), said components being 
assembled in compact form. The main characteristic of 
the present invention is that the device has a relatively 
low electricity consumption and tendentially small longi- 
tudinal and transverse dimensions. 
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Description 

This invention relates to a device for monitoring and 
controlling an intravenous infusion system, which is of 
low electricity consumption and of tendentially small Ion- s 
gitudinal and transverse overall dimensions. 

Intravenous infusion systems used in hospitals or 
at home by patients have to be continuously monitored 
by the nursing personnel or the patient to check that the 
administration rate remains within the defined limits 
characteristic of each medicament and to detect any in- 
terruption or depletion of the solution. This is necessary 
to avoid annoying consequences such as useless pro- 
longation of the time for which the medicament is ad- 
ministered, or unpleasant effects on the patient, such as 
air entry into the system, back flow of blood along the 
system tube, or dangerous overdosage of the medica- 
ment. 

Devices are already known for performing these 
monitoring and control functions. For example, US pat- 
ent 5,088,990 in the name of Hivale describes an appa- 
ratus consisting of two plastics containers comprising in 
one side a cavity arranged to internally embrace the drip 
chamber. It is provided with a photosensor for sensing 
the passage of droplets within the drip chamber, and an 
electronic alarm circuit comprising a warning horn and 
a warning lamp which operate if infusion of the solution 
droplets is interrupted or slows down excessively. 

However this apparatus is arranged only to give an 
optical-acoustic alarm indication, without being able to 
sense an increase in infusion rate or to shut off solution 
flow in the case of defects. 

Its application is also relatively burdensome, be- 
cause it involves placing the two containers adjacent to 
the system drip chamber so that they surround part of 
it, and each time adjusting the opening of the compart- 
ment obtained in relation to the chamber diameter. 

Finally, the current consumption of this device is 
such as to make its reduction desirable in order to limit 
the volume of the set of electrical storage batteries and 
hence of the device itself. 

It is also known to use improved forms of this de- 
vice, such as that described in European Patent appln. 
Publ. No. 0 588 427 in the name of the present applicant. 
Besides performing the same functions as the preced- 
ing, this apparatus also shuts off the flow of the medi- 
cament if the administration rate of this latter exceeds a 
certain limiting value and/or if the infusion solution is de- 
pleted. 

When the apparatus goes into alarm, the shutoff de- 
vice closes a spring-loaded gripper jaw by releasing it 
by means of an electromagnet. Hence the starting force 
required to operate the mechanism can be tendentially 
high, especially if the electrical storage batteries are at 
low charge. 

A further embodiment of said European Patent Ap- 
pln. Publ. No.O 588 427 comprises a circuit which on 
receiving information from a bar code reader operates 



a geared motor able to appropriately regulate the deliv- 
ery of the medicament by acting more or less directly on 
the exit tube by means of a cam. However this embod- 
iment presents two problems which it would be desirable 
to eliminate. Firstly, although the bar code reading sys- 
tem is very useful particularly in the case of repeated 
infusions of different medicaments (and hence requiring 
different infusion rates) in the patient's home, the appa- 
ratus requires the user hospital to be provided with fur- 
ther equipment able to print the bar code on appropriate 
labels. In addition, as the cam operates directly on the 
tube axis, a motor of relatively high torque is required, 
resulting in increased dimensions and energy consump- 
tion. 

An object of the present invention is to solve the 
aforesaid problems by providing a device for monitoring 
and controlling an intravenous infusion system which is 
of tendentially low electricity consumption and hence of 
small overall size. 

This and further objects are attained by a device for 
monitoring and controlling an intravenous infusion sys- 
tem in accordance with claim 1 . 

By interrupting the operation of the sensor means 
during a second time interval included within the time 
interval between the passage of two successive drop- 
lets, the device achieves a substantial saving in the elec- 
trical energy provided by the set of storage batteries. 
Consequently for equal electrical storage battery capac- 
ity, the device can operate without interruption for a long- 
er time. Alternatively for a given operating time between 
charges, the device can use a set of storage batteries 
having a lesser volume of the space occupied. 

The fact that the device comprises a pre-alarm 
threshold (during which the shutoff device does not act, 
although the warning means operate) means that those 
ignorable operating abnormalities which usually pre- 
cede those requiring urgent action by nursing personnel 
can be detected. 

Again, the fact of not interrupting administration dur- 
ing the pre-alarm period avoids unwelcome extension 
of the medicament infusion time, while aiding the nurs- 
ing personnel which hence have a longer time available 
for action before the shutoff device interrupts adminis- 
tration of the medicament. 

Further objects, characteristics and advantages of 
the present invention will be apparent from the detailed 
description given hereinafter and from the accompany- 
ing drawings, which are provided by way of non-limiting 
example and in which: 

Figure 1 is a schematic exploded perspective view 
of a first embodiment of the device according to the 
present invention; 

Figure 2 is a section through the device on the line 
ll-ll of Figure 1 at the moment in which the shutoff 
device throttles the tube of the system; 
Figure 3 again shows a section through the device 
on the line ll-ll of Figure 1, but with the shutoff de- 
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vice in its preloaded position; 
Figure 4 is a schematic view of the device of the 
invention applied to the exit tube of an intravenous 
infusion system; 

Figure 5 is a schematic plan view of a first embod- 5 
iment of the electronic circuit contained within one 
of the compartments of the device; 
Figure 6 is a schematic section through the shutoff 
device of Figure 2 taken on the line VI-VI; 
Figure 7 is a schematic flow diagram corresponding 
to the operation of the first embodiment of the de- 
vice electronic circuit of the present invention; 
Figure 8 is a schematic flow diagram corresponding 
to the operation of a second embodiment of the de- 
vice electronic circuit of the present invention; 
Figure 9 is a schematic plan view of one of the com- 
partments of the second embodiment of the device 
according to the present invention; 
Figure 10 is a schematic section through the device 
of Figure 9, taken on the line X-X. 

In said figures, the reference numeral 1 indicates a 
particular embodiment of the overall monitoring and 
control device, and 2 indicates the set of electrical stor- 
age batteries, comprising three 1 .2 volt nickel/cadmium 
batteries rechargeable either by a conventional external 
battery charger or a dedicated one (not shown), con- 
nected to the device via a socket 35 through a hole 
formed in the bottom of the device container. 

The reference numeral 3 indicates a housing pro- 
vided in the interior of the container and intended to be 
closed about the drip chamber 17 of the intravenous in- 
fusion system, and 4 indicates overall the device for 
shutting off the system liquid flow. The housing 3 is pref- 
erably constructed of dark coloured or in any event 
opaque material in order to absorb light originating from 
the external environment and prevent interference with 
the sensor devices 28 and 29 contained in it. 

The reference numerals 15, 16 and 18 indicate re- 
spectively a first, a second and a third compartment 
housing all the components of the present invention, 
these being grouped within a single plastics container 
of such dimensions as to be of small overall size while 
at the same time embracing a relatively large number of 
functions and being practical in use. 

The reference numerals 10 and 11 indicate two 
holes provided through the constituent plastics material 
of the walls of the housing 3. In an embedded position 
in correspondence with said two holes there are inserted 
respectively an infrared emitter diode 28 and a receiver 
photodiode 29, able to sense the passage of liquid drop- 
lets within the drip chamber 17. 

The infrared emitter diode 28 emits a beam in a di- 
rection perpendicular to the vertical trajectory of the 
droplets. An interruption in the passage of this beam in- 
dicates the fall of a solution droplet. 

The beam is reflected by a concave mirror 30 locat- 
ed on the opposite side in a position perpendicular to 



the emitted beam and within a cavity 31 the purpose of 
which is to protect the sensing system from light infiltra- 
tion from the external environment. The particular shape 
of the mirror 30 means that all the rays emitted and re- 
flected converge into a single region, in which the re- 
ceiver photodiode 29 in located. 

This arrangement is very advantageous compared 
with the known arrangement of locating the emitter di- 
ode 28 and the receiver photodiode 29 in coaxial posi- 
tions on opposite sides of the vertical axis representing 
the droplet trajectory. In this manner, with the single ad- 
dition of a concave mirror of relatively low cost, being of 
the adhesive film type, two beams are obtained in prac- 
tice, which being slightly diverging cover a greater area 
than a single beam, with greater probability of intercept- 
ing the droplet, even if this should fall outside the central 
axis of the drip chamber 17, this occurring for example 
if this latter is inclined because of possible imperfect po- 
sitioning of the bottle in its support. Moreover, one and 
the same electronic circuit card 12 can be used for po- 
sitioning the two sensor elements 28 and 29, with the 
result of being able to substantially simplify and auto- 
mate the assembly of the entire electronic components 
on said card. 

The electronic circuit 12 operating and controlling 
the device 1 mainly comprises an oscillator 21 and a 
microcontroller 40. The reference numeral 13 indicates 
a two-colour LED pilot lamp for indicating system oper- 
ation or abnormalities, 33 indicates an acoustic emer- 
gency alarm (typically a piezoelectric buzzer), and 28 
and 29 indicate the infrared emitter diode and the re- 
ceiver diode respectively 

A reed switch, suitably connected into the electronic 
circuit 12 and indicated by 48, forms together with the 
knob 41 the magnetic switch for activating the device 1 . 

Finally, 37 indicates an electrolytic capacitor which 
is charged on activating the device 1 and stores a certain 
quantity of energy for use by the electronic circuit 12 
should the feed voltage be reduced, this occurring in 
particular at the moment in which the electromagnet 5 
is energized. 

As can be seen in particular from Figures 2 and 3, 
the liquid flow shutoff device 4 consists of a first trip lever 
6, a second shutoff lever 7 which throttles the tube 14, 
a torsion spring 8 acting on the lever 7, a compression 
spring 9 which maintains the lever 6 in position, a push- 
button 26 which resets the system, and an electromag- 
net 5 which trips the linkage. 

The main part of the shutoff device 4 is the shutoff 
lever 7, which is urged by the spring 8, Said lever 7 has 
a short arm 19, of about 7 mm in length, the end 32 of 
which has a shape such as to easily throttle the system 
tube 14, and a long arm 20 of at least 16 mm in length. 

For increased reliability of operation, the electro- 
magnet 5 is powered with three successive current puls- 
es lasting a few tenths of a second, at a voltage of about 
3.6 volts, with a current consumption of about 400 mA. 
It hence operates pulse-wise to ensure effective trip ac- 
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tion, and generates a force of about 0.07-0.08 newtons 
on a rod 25. 

Hence for a relatively small electricity consumption, 
a throttling action on the tube 14 is obtained which is 
particularly effective and advantageous in relation to the 
applied force. This is achieved by virtue of the combina- 
tion of the springs 8 and 9 and the structural character- 
istics of the shutoff lever 7 and trip lever 6, which are 
first class levers and hence of advantageous type. In 
this respect, the fulcrum 38 of the shutoff lever 7 is lo- 
cated closer to the point at which the force is applied to 
the tube 14 than the point at which the external force is 
applied by the user via the pushbutton 26, and in addi- 
tion a counteracting pin 22 positioned on the trip lever 
6, into which the end 23 of the shutoff lever 7 is inserted 
during the pre-loading stage, is provided in proximity to 
the point of application of this pre-loading force, at a dis- 
tance of about 1/5 of the total length of the lever. On the 
end distant from said point of application there acts the 
electromagnet 5, against which said trip lever 6 is main- 
tained, urged by the spring 9. 

This system is able to apply a throttling force of 
about 20 newtons to the tube 14. The torsion spring 8 
applies a force only slightly greater than 20 newtons 
when maintained in its pre-load position. 

When the electromagnet 5 is energized, its rod 25 
pushes against the end of the trip lever 6 which in mov- 
ing also moves the position of the pin 22, to release the 
end 23 of the shutoff lever 7, this latter then throttling 
the tube 14 by means of its end 32. The system is then 
reset on withdrawing the device 1 from the drip chamber 
17, by pressing the pushbutton 26 as far as it goes, to 
rehook the end 23 of the shutoff lever 7 under the pin 
22, while at the same time releasing the tube 14 and 
enabling the intravenous infusion system to be disen- 
gaged from the device 1 , which is hence mechanically 
ready for subsequent use on another intravenous infu- 
sion system. When the device 1 trips, the pushbutton 
26 is forced outwards and projects from the container, 
so giving visual indication that tripping has occurred. 

The reference numeral 27 indicates a permanent 
magnet which draws the rod 25 (forming the moving 
core of the electromagnet 5) into its retracted position 
within the electromagnet 5 after each current pulse used 
to energize said electromagnet 5. Because of the par- 
ticular position of the permanent magnet 27 relative to 
the electromagnet 5 and rod 25, its pulling action on the 
rod 25 is a minimum on impact of said rod 25 against 
the trip lever 6 and is a maximum when said rod 25 is 
in the opposite position. 

It should be noted that the force exerted by the per- 
manent magnet 27 on the rod 25 is a maximum at the 
end of its return stroke, ie when said rod 25 has retracted 
into the electromagnet 5. 

Consequently said force is a minimum when the rod 
25 is in the opposite position, ie precisely when it is re- 
quired to exert maximum force against the end 36 of the 
trip lever 6. The use of the permanent magnet 27 instead 



of a spring is therefore particularly advantageous be- 
cause this latter would exert a reverse action. In practice 
the force exerted by said hypothetical spring would be 
a maximum when the rod 25 is positioned at the end 36 

s of the trip lever 6, and a minimum when the rod 25 has 
retracted into the electromagnet 5. This is exactly the 
opposite to what is required. 

In addition, the rod 25 undergoes an "idle stroke" 
portion before striking the lever 6. The term "idle stroke" 

10 means that travel portion through which the rod 25 
moves without encountering mechanical resistance. 
This enables a "hammer effect" to be achieved, making 
the action of the electromagnet 5 even more effective 
for equal energy consumption, so making the tripping of 

15 the device 1 and consequent shutoff of the administered 
solution flow more reliable. 

The overall operation of the device 1 according to 
the invention is as follows: after starting and adjusting 
the intravenous infusion system, the reset pushbutton 

20 26 is pressed to rehook the shutoff device 4. At the same 
time the device is mounted as high as possible about 
the drip chamber 17 such that the end 32 of the arm 19 
of the lever 7 rests completely against the tube 1 4 of the 
system. 

25 On activating the device 1 , which is done by oper- 
ating the switch knob 41, the two-colour LED 13 begins 
to flash rapidly with green light. During this stage the 
electronic circuit 12 of the device 1 recognizes and 
memorizes the time intervals between the passage of 

30 two consecutive droplets, by means of the infrared emit- 
ter diode 28 and the receiver photodiode 29. 

This type of automatic self -calibration is achieved 
by measuring the time interval between the first two so- 
lution droplets falling through the drip chamber 17, and 

35 comparing this with a reference time interval previously 
set in the microcontroller 40 to immediately establish, 
on the basis of this parameter, whether this is a slow 
infusion or an infusion which can be considered fast. 
A determined maximum time period during which 

40 the first two solution droplets must fall is fixed. If this 
maximum time period passes without the sensor detect- 
ing the passage of two consecutive droplets, the shutoff 
device 4 is enabled and measurements are interrupted. 
Otherwise, the device establishes the reference in- 

45 fusion time interval by calculating the arithmetic mean 
of the times involved in a number "x" of time intervals 
employed in delivering a number "x+1" of successive 
droplets in the case of slow infusion, and between a 
number "2x" of time intervals employed in delivering a 

50 number n 2x+1 n of successive droplets in the case of fast 
infusion. 

The value V is memorized in the microcontroller 
40 when this is programmed. 

After a few seconds, the flashing of the two-colour 
55 LED 13 changes in intensity and follows the frequency 
with which the droplets fall, a pulse of green light being 
displayed for each droplet. 

Having determined the number of time intervals be- 
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tween droplets which is to be used in calculating the 
arithmetic mean and taking this mean value as the ref- 
erence value, the microcontroller 40 establishes the val- 
ues of two tolerance time intervals (these values to be 
considered in the algebraic sense) and the value of one s 
time interval used for establishing the activation and de- 
activation periods of the infrared emitter diode 28 
(known as the "lead time"). 

If for three consecutive times the time interval be- 
tween the passage of two successive droplets exceeds *o 
the value of the first tolerance time interval (or is less 
than its opposite) (1st error), which is indicatively be- 
tween 16% and 20% of the mean time interval taken as 
reference, the microcontroller 40 of the device 1 causes 
the colour of the two-colour LEd 1 3 to briefly switch from *5 
green to red and causes the piezoelectric buzzer 33 to 
emit a brief acoustic pulse about every 30 seconds (pre- 
alarm threshold). 

In other words, the pre-alarm condition occurs when 
the difference between the value of the arithmetic time 20 
mean and the value of the time interval between the pas- 
sage of two successive droplets lies between 1 6% and 
20% of the arithmetic time mean. 

To return the entire system to normality, the dis- 
charge device of the intravenous infusion system has to 25 
be adjusted to again achieve the reference rate or until 
the two-colour LED 1 3 again flashes green. 

If the first and second tolerance time intervals are 
both exceeded, the alarm operates, but only after at 
least three consecutive errors to prevent false alarms 30 
due to sporadic exceeding of these limits, caused for 
example by swinging of the bottle or a sudden large en- 
try of air into the bottle. 

When for at least three consecutive times the time 
interval between the passage of two successive drop- 35 
lets exceeds the value of the second tolerance time in- 
terval (or is less than its opposite) (2nd error), which is 
indicatively between 20% and 25% of the mean time in- 
terval taken as reference, or if the solution is depleted 
or if for any problem within the system the solution be- 40 
gins to discharge as a continuous jet, the device enters 
its definitive alarm state. The previously set shutoff de- 
vice 4 operates to throttle the system tube 14, so shut- 
ting off the flow of the solution to be administered. In 
addition, the acoustic alarm of the piezoelectric buzzer 45 
33 operates continuously and the two-colour LED 1 3 op- 
erates with rapid red flashing. 

In other words the alarm condition arises when the 
difference between the value of the arithmetic time 
mean and the value of the time interval between the pas- so 
sage of two successive droplets is between 20% and 
25% of the value of the arithmetic time mean. 

At this point the device is turned off, the intravenous 
infusion system closed, the reset button 26 pushed and 
the bottle of medicament again adjusted or replaced. 55 

A further important characteristic of the device of 
the present invention is that the infrared emitter diode 
28 is pulse-powered in pulse width modulation with a 



duty cycle of about 50%, hence functioning with pulsat- 
ing operation. By this means, the electricity consump- 
tion is reduced compared with the known art, in which 
the emitter diode 28 is operated continuously. 

Moreover as the emitter diode 28 operates only dur- 
ing the limited time period during which the droplet is 
assumed to fall, there is a further reduction in electricity 
consumption. 

The lead time during which the emitter diode 28 re- 
mains activated with pulsating operation while waiting 
for the droplet to fall is determined by subtracting a pre- 
viously fixed reference value stored in the memory of 
the microcontroller 40 from the arithmetic mean of the 
time intervals between the passage of two successive 
droplets. 

In addition, to prevent the rate of droplet fall reach- 
ing, as the result of a fault or an error by the nursing 
personnel or patient, an exact multiple of the initial rate 
determined during the automatic calibration, the micro- 
controller 40 causes the infrared emitter diode 28 to op- 
erate continuously every eight droplets for a time equal 
to the time interval corresponding to the passage of at 
least two droplets, and checks whether the delivery is 
regular during this time interval. 

Again in this specific case the emitter diode 28 op- 
erates in pulse width modulation to further economize 
on electricity consumption. 

With regard to the operation of the device 1 accord- 
ing to the invention, it should also be noted that the op- 
erating cycle and the power circuit are totally controlled 
by the electronic circuit 12 and in particular by the mi- 
crocontroller 40. 

In this respect, although the device can operate for 
several hours between charges because of the low elec- 
tricity consumption, the microcontroller 40 also monitors 
the state of charge of the set of batteries 2 and provides 
a visual and acoustic alarm signal if the feed voltage 
falls below a predetermined safety level, after activating 
the shutoff device 4. 

In this case the set of batteries 2 must be completely 
recharged by connecting a battery charger of traditional 
type or a dedicated charger to the socket 35 of the de- 
vice. The permanent magnet 27 is positioned such that 
when the device 1 is connected to the appropriate ex- 
ternal dedicated battery charger, its magnetic force op- 
erates another reed switch connected within the dedi- 
cated charger, to close the charging circuit. 

The said microcontroller 40 also performs numer- 
ous other functions. It controls the operation of a time 
base (free running operation, of about 5 ms) for control- 
ling the activation and deactivation of the emitter diode 
28, the two-colour LED 13 and the buzzer 33; it calcu- 
lates and memorizes the droplet waiting time; when this 
waiting time has expired it activates a counter while at 
the same time activating the emitter diode 28; it halts 
said counter when the expected droplet arrives, while at 
the same time deactivating the emitter diode 28; it com- 
pares the value of the time interval between the passage 
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of two successive droplets read on the counter with the 
previously calculated tolerance time intervals and han- 
dles any errors encountered by operating the two<:olour 
LE D 1 3 on red and operating the buzzer 33 about every 
30 seconds in the case of a pre-alarm, or increasing the 
frequency of operation of the two-colour LED 13 on red 
and maintaining the buzzer in continuous operation with 
simultaneous activation of the shutoff device 4 for the 
system tube 14 in the case of a definitive alarm. 

The characteristics of the device for monitoring and 
controlling an intravenous infusion system according to 
the present invention are clear from the aforegoing de- 
scription, as are its advantages. 

Numerous modifications can be made to the device 
of the present invention by an expert of the art without 
leaving the scope of protection of the inventive idea. 

For example the piezoelectric buzzer 33 can be re- 
placed by a known voice synthesis apparatus or by a 
radio or cable connection system to enable the pre- 
alarm or alarm warning to be transmitted to remote op- 
erators or nursing personnel if the device is used in a 
hospital. 

Moreover, if the rate of droplet fall slows down (this 
usually not constituting a danger but merely an unwel- 
come prolongation of the infusion), a reversible acoustic 
alarm could replace the definitive alarm and the tripping 
of the shutoff device 4. In this respect, it is typically the 
case that, while sleeping, a patient may bend the arm 
into which the needle of the intravenous infusion system 
is inserted, with the result that the droplet fall rate slows 
down. In this case the acoustic alarm would waken him 
to the extent required to move the arm and restore the 
natural delivery of the infusion, causing cessation of the 
alarm and the return of the patient to sleep. 

In a second embodiment of the present invention, 
the infusion rate can be automatically regulated and 
maintained constant (while maintaining substantially the 
same dimensions and same electricity consumption as 
the first version provided with the shutoff device), by 
gradual squeezing of the tube 14 of the intravenous in- 
fusion system. This is made possible by replacing the 
trip lever 6, the shutoff lever 7, the springs 8 and 9 and 
the electromagnet 5 forming the shutoff device 4, by a 
direct current geared motor 42 which acts, via a cam 44, 
on a lever 45 very similar to the shutoff lever 7 of the 
preceding version, loaded by a torsion spring 46. The 
new lever 45 differs from the preceding by being provid- 
ed with a protuberance 47 on which the cam 44 acts and 
utilizes the principle of advantageous first class levers, 
having its fulcrum 52 closer to the point of application of 
the force which throttles the tube 1 4 than to the point of 
application of the force impressed by the contour 51 of 
the cam 44. 

Because of the particular structure of the lever 45 
and of the relative pertaining parts, the regulator device 
can be operated by a geared motor 42 of tendentially 
small overall size in relation to the required throttling 
force for the tube 14. 



The seat 49 for the geared motor 42 is formed di- 
rectly by the mould used for producing the compartment 
16a, in which the lever 45 is also housed. 

To further increase sensitivity, the entire travel of the 

s cam 44 can be used exclusively for regulating the tube 
14, from totally closed (lever 45 completely freed from 
the cam 44) to maximum allowable tube opening (lever 
45 totally pressed by the cam 44). 

With reference to Figure 10, A and B indicate insuc- 

10 cession the extreme positions which the lever 45 as- 
sumes during operation of the geared motor 42 and ro- 
tation of the cam 44, from the tube 1 4 totally closed (po- 
sition indicated by A, shown in full lines) to the tube 14 
partially open (position indicated by B, shown in dashed 

is and dotted lines). 

During its operation, the geared motor 42 transmits 
rotary motion to the cam 44, the extent of opening of the 
tube 14 being regulated by the lever 45, which continu- 
ously assumes all positions between that indicated by 

20 a (tube 14 throttled), with the minor diameter part 53 of 
the cam 44 facing but not resting on the protuberance 
47, and that indicated by B (maximum allowable open- 
ing of the tube 14 during operation of the geared motor 
42), with the end 51 of the cam 44 engaged with the 

25 protuberance 4.7, to completely press the lever 45. 

To release the tube 14 and separate the device 1 
from the drip chamber 17, the reset button 26 has to be 
pushed. On doing this, the lever 45 assumes the posi- 
tion indicated by C, shown in dashed and dotted lines. 

30 The protuberance 47 is completely disengaged from the 
cam 44, and the end 50 lies on the abutment surface 49 
of the geared motor 42. 

Using this structure and employing only the force of 
gravity to which the droplet passing through the drip 

35 chamber 17 is subjected, and of which the rate is regu- 
lated by the degree of squeezing of the tube 14 by the 
lever 45, the movement undergone by the liquid can re- 
sult in constant and controlled infusion. 

If adjuvant medicaments (nutrient or rehydrating so- 

40 lutions) are to be administered to the patient between 
one treatment and the next, such administration can be 
done in the patient's home so as not to waste hospital 
bed space, and at the same time leave the patient in his 
own family environment. However the patient cannot 

45 then always be supervised by specialist personnel, so 
making it difficult to ensure correct and constant infu- 
sion. 

This further embodiment can be used to obviate this 
drawback, hence avoiding the use of large infusion 

50 pumps of relatively high cost and energy consumption, 
or the use of motor and cam systems of the known art 
which act directly on the tube of the system and hence 
require a relatively high transmitted torque. The solution 
flow control functions are performed by elements 

55 housed in one of the compartments forming the struc- 
ture of the container of the intravenous infusion appara- 
tus, and have low electricity consumption. 

The data regarding the infusion rate can be set by 
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a keypad (not shown) provided on the outside of the con- 
tainer of the device 1 and having four keys: one for de- 
vice activation and deactivation, two for setting the de- 
sired number of droplets per minute (one for increasing 
the number and the other for decreasing it) and the 
fourth for starting. 

The data inserted via the keypad are converted into 
digital signals and then transformed into electrical sig- 
nals which control the operation of the geared motor 42. 

Said data can also be obtained from a label applied 
to the bottle by medical personnel and carrying a bar 
code indicating the particular infusion rate for that type 
of medicament and personalized for each patient, to be 
read by a laser diode reader (not shown) installed on 
the body of the device 1 , for display on a liquid crystal 
display (not shown), which alternately displays the set 
rate of infusion (in droplets per minute or millilitres per 
hour), the actual rate of infusion, the time which has 
passed since infusion commenced and the total number 
of droplets which have fallen, plus an indication of 
whether a droplet is falling, whether the battery charge 
is low, whether the motor is closing or opening, and of 
the data fed in via the keypad or via the bar code. 

On termination of infusion, the average droplet vol- 
ume can be established by reading on the display the 
number of droplets used to infuse the volume of medi- 
cament contained in the bottle. This information can be 
used in a subsequent infusion by feeding it in via the 
keypad or bar code to allow the relationship between 
droplets per minute and millilitres per hour to be calcu- 
lated so that the device can convert droplets per minute 
to millilitres per hour (or to other units of measurement, 
depending on the country in which it is used). 

If home infusions are to be all identical and repeti- 
tive, the data can alternatively be fed in via the keypad 
by the responsible hospital personnel, using either an 
access code or a jack plug (not shown), the absence of 
which prevents use of the keypad. 

When the patient switches on the apparatus in his 
own home, this system automatically regulates the in- 
fusion in accordance with the preset data, which cannot 
be changed without the use of the appropriate access 
code or plug. 

In this manner the patient is freed from the need to 
regulate, and possible errors and/or tampering are pre- 
vented. In this case the electronic circuit 12 would con- 
tain a memory able to store the data preset in hospital 
by the appropriate personnel. 

Numerous other modifications can also be made to 
the monitoring and control device of the present inven- 
tion without this leaving the scope of protection provided 
by the inventive idea, and in addition in the practical im- 
plementation of the invention the illustrated details can 
be different in form or be replaced by technically equiv- 
alent elements. 



Claims 

1. A device for monitoring and controlling an intrave- 
nous infusion system (1), of the type comprising: 

5 

a set of electrical storage batteries (2); 
a housing (3) to be closed about a drip chamber 
(1 7) from which the tube (1 4) of the intravenous 
infusion system emerges; 

10 - a shutoff device (4) provided with an electro- 
magnet (5) arranged to trip a series of levers 
(6, 7) and springs (8, 9); and 
an electronic circuit (12) comprising essentially 
operation and/or control means contained with- 

15 in at least one microcontroller (40), sensor 

means (28, 29) for sensing signals and trans- 
ferring them to the microcontroller (40), which 
on the basis of the signals received from the 
sensor means (28, 29) either activates or does 

20 not activate indicating means (13, 33); 

characterised in that said electronic circuit (12) op- 
erates in the following manner: 

25 . it activates the sensor means (28, 29) and 
measures the time interval between the pas- 
sage of two consecutive droplets; 
it compares the value of said time interval with 
a first reference time interval originally preset 
30 in the microcontroller (40), to recognize wheth- 

er the infusion underway is of the type classifi- 
able as slow or fast; 

having recognized the type of infusion it calcu- 
lates the arithmetic mean of the times elapsing 
35 between a number of successive droplets, said 

number of successive droplets being preset 
originally in the microcontroller (40) on the ba- 
sis of the type of infusion, such that for fast in- 
fusion this number is greater than the corre- 
40 sponding number preset for slow infusion; 

it compares said arithmetic time mean with the 
time interval between two successively deliv- 
ered droplets to establish whether said time in- 
terval between two successively delivered 
45 droplets is equal to the value of the arithmetic 

mean plus or minus a first or second tolerance 
time interval originally preset in the microcon- 
troller (40); 

it sets itself to either a pre-alarm condition or an 
50 alarm condition depending on the extent of the 

difference between the value of the arithmetic 
time mean and the value of the time interval be- 
tween the passage of two successive droplets; 
it activates the indicating means (13, 33) both 
55 when in the pre-alarm condition and when in 

the alarm condition; 

it activates the shutoff device (4) only when in 
the alarm condition; 
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it interrupts the operation of the sensor means 
(28, 29) during a second time interval included 
within the time interval between the passage of 
two successive droplets. 

2. A device as claimed in claim 1 , characterised in that 
the pre-alarm condition arises when, for at least 
three consecutive times, the difference between the 
value of the arithmetic time mean and the value of 
the time interval between the passage of two suc- 
cessive droplets is between 16% and 20% of the 
value of the arithmetic time mean. 

3. A device as claimed in claim 1 , characterised in that 
the alarm condition arises when, for at least three 
consecutive times, the difference between the value 
of the arithmetic time mean and the value of the time 
interval between the passage of two successive 
droplets exceeds 20% of the value of the arithmetic 
time mean, said alarm condition also arising in the 
case of delivery interruption. 

4. A device as claimed in claim 1 , characterised in that 
said sensor means (28, 29) are powered pulse-wise 
intermittently. 

5. A device as claimed in claim 1 , characterised in that 
said sensor means (28, 29) operate pulse-wise dis- 
continuous!^ but uninterruptedly during the time in- 
terval between the passage of at least two succes- 
sive droplets. 

6. A device as claimed in the preceding claim, charac- 
terised in that said sensor means (28, 29) operate 
uninterruptedly after the delivery of groups of eight 
successive droplets. 

7. A device as claimed in claim 1 , characterised in that 
the time interval during which the operation of the 
sensor means (28, 29) is interrupted is determined 
on the basis of the following algorithm: the value of 
the arithmetic mean of the times elapsing between 
a number of successive droplets less a value preset 
in the microcontroller (40). 

8. A device as claimed in at least one of the preceding 
claims, characterised in that said microcontroller 
(40) comprises an element (24) arranged to count 
said time interval and/or the activation times and/or 
the deactivation times of the indicating means (13, 
33). 

9. A device as claimed in at least one of the preceding 
claims, characterised in that said microcontroller 
(40) continuously monitors the state of charge of 
said set of electrical storage batteries (2) and acti- 
vates said indicating means (13, 33) when said 
state of charge falls below a level preset in the mi- 



crocontroller (40). 

1 0. A device as claimed in at least one of the preceding 
claims, characterised in that said sensor means 

5 (28, 29) are of optical type. 

1 1 . A device as claimed in the preceding claim, charac- 
terised in that said sensor means (28, 29) are an 
emitter diode and a photodiode operating within the 

10 infrared spectrum. 

1 2. A device as claimed in at least one of the preceding 
claims, characterised in that said sensor means 
(28, 29) comprise: 

15 

at least one transmitter element (28); 
at least one receiver element (29) positioned 
on the same side as the transmitter element 
(28) and adjacent to it, with respect to that ver- 
20 ticalaxis which constitutes the trajectory under- 

taken by a droplet within the drip chamber (17); 
at least one reflector means (30) situated on the 
opposite side. 

25 1 3. A device as claimed in the preceding claim, charac- 
terised in that said reflector means (30) is a concave 
mirror. 

14. A device as claimed in the preceding claim, charac- 
30 terised in that said reflector means (30) is located 

on the base of a cavity (31 ). 

1 5. A device as claimed in at least one of the preceding 
claims, characterised in that said indicating means 

35 ( 13, 33) are of optical and/or acoustic type. 

1 6. A device as claimed in at least one of the preceding 
claims, characterised in that said indicating means 
of optical type are at least one two-colour LED (1 3). 

40 

1 7. A device as claimed in at least one of the preceding 
claims, characterised in that said two-colour LED 
(13) assumes one of the two colours when in the 
pre-alarm condition. 

45 

1 8. A device as claimed in at least one of the preceding 
claims, characterised in that said two-colour LED 
(13) assumes the other colour when in the alarm 
condition. 

50 

1 9. A device as claimed in at least one of the preceding 
claims, characterised in that said two-colour LEDs 
(13) are powered pulse-wise. 

ss 20. A device as claimed in at least one of the preceding 
claims, characterised in that said indicating means 
(13) of acoustic type is a pulse-wise operated pie- 
zoelectric buzzer (33). 
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21 . A device as claimed in at least one of the preceding 
claims, characterised by comprising: 

a first compartment (15) housing said set of 
electrical storage batteries (2); 

- a second compartment (16) within which there 
is provided a. housing (3) which closes about 
said drip chamber (1 7) and in which said shutoff 
device (4) is inserted; 

a third compartment (18) housing the electro- 
magnet (5) with which the shutoff device (4) is 
provided, the sensor means (28, 29), the indi- 
cating means (1 3, 33) and the electronic circuit 
(12), such that all the components are assem- 
bled within a single container having dimen- 
sions such as to result in a small overall size of 
the device (1). 

22. A device as claimed in at least one of the preceding 
claims, characterised in that said shutoff device (4) 
comprises: 

- a shutoff lever (7) having one arm (19) shorter 
than the other (20); 

a torsion spring (8); 

a counteracting pin (22) which maintains one 
end (23) of the shutoff lever (7) in the pre-load- 
ed position; 

a trip lever (6), on the end of which there acts 
an electromagnet (5), against which it is held 
under the thrust of a spring (9); 
a pushbutton (26) which is placed on the con- 
tainer and can be operated outwardly. 

23. A device as claimed in the preceding claim, charac- 
terised in that said shutoff lever (7) and trip lever (6) 
are first class levers. 

24. A device as claimed in at least one of the preceding 
claims, characterised in that said shorter arm (19) 
of said shutoff lever (7) is 7 mm in length. 

25. A device as claimed in at least one of the preceding 
claims, characterised in that said longer arm (20) of 
the shutoff lever (7) is at least 16 mm in length. 

26. A device as claimed in the preceding claim, charac- 
terised in that said shutoff device (4) is able to apply 
a force of at least 20 newtons to the system tube 
(14). 

27. A device as claimed in at least one of the preceding 
claims, characterised in that said electromagnet (5) 
is operated by at least two successive current puls- 
es. 

28. A device as claimed in at least one of the preceding 
claims, characterised in that when electric current 



passes through the electromagnet (5), the end (36) 
of the trip lever (6) is moved by a rod (25) rigid with 
the moving core of the electromagnet (5), and with 
it there also moves the counteracting pin (22) to re- 
s lease the shutoff lever (7), the end (32) of which 
then throttles the tube (14) of the system. 

29. A device as claimed in at least one of the preceding 
claims, characterised by comprising a permanent 

10 magnet (27) located at that end of the electromag- 
net (5) distant from the end from which the rod (25) 
travels outwards from said electromagnet (5), on 
termination of its return travel said rod (25) at least 
partially traversing said permanent magnet (27) so 

is that said permanent magnet (27) causes the rod 
(25), rigid with the moving core of the electromagnet 
(5), to return to its initial position after this latter has 
operated. 

20 30. A device as claimed in at least one of the preceding 
claims, characterised by the existence of an idle 
travel portion before the action of the electromagnet 
(5) causes the rod (25), rigid therewith, to strike the 
trip lever (6) such that the rod (25) has a sort of ham- 

25 mer effect on the end (36) of the lever (6). 

31 . A device as claimed in at least one of the preceding 
claims, characterised in that the walls of the housing 
(3) are of dark and/or opaque colour. 

30 

32. A device as claimed in at least one of the preceding 
claims, characterised in that said set of electrical 
storage batteries (2) consists of at least one storage 
battery element rechargeable by means external to 

35 the device (1). 

33. A device as claimed in at least one of the preceding 
claims, characterised by comprising an electrolytic 
capacitor (37) which charges at the moment of ac- 

40 tivation of the device (1 ) and transfers energy to the 
electromagnet (5) should the consumed current be 
high in relation to the capacity of the set of storage 
batteries (2). 

45 34. a device for monitoring and controlling an intrave- 
nous infusion system (1), of the type comprising: 

- a set of electrical storage batteries (2); 

a housing (3) to be closed about a drip chamber 

so (17) from which the tube (14) of the intravenous 

infusion system emerges; 
at least one geared motor (42) powered with di- 
rect current by the set of storage batteries (2); 
a cam (44) connected to the geared motor (42); 

55 - a lever (45) urged by a torsion spring (46); 

an electronic circuit (12) comprising essential- 
ly: operation and/or control means contained 
within at least one microcontroller (40); sensor 
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means (28, 29) for sensing signals and trans- 
ferring them to the microcontroller (40), which 
on the basis of the signals received from the 
sensor means (28, 29) either activates or does 
not activate indicating means (1 3, 33); data ac- 5 
quisition systems; reader means; and systems 
for decoding said data and for converting them 
into electrical signals to be fed to the geared 
motor (42); 

10 

characterised in that on the basis of said electrical 
signals, said geared motor (42) acts, via the cam 
(44), on the lever (45) which consequently continu- 
ously regulates the opening and closure of the sys- 
tem tube (14) and hence the rate of infusion of the is 
solution to be administered. 

35. A device as claimed in the preceding claim, charac- 
terised in that said data acquisition systems consist 

of a keypad and/or a bar code. 20 

36. A device as claimed in claim 34, characterised in 
that said reader means are laser diodes. 

37. A device as claimed in claim 34, characterised in 25 
that said lever (45) is a first class lever, having its 
fulcrum (52) closer to the point of application of the 
force which throttles the tube (14) than the point of 
application of the force impressed by said cam (44). 

30 

38. A device as claimed in claim 34 or 35, characterised 
in that said lever (45) is provided with a protuber- 
ance (47) on which said cam (44) acts. 

39. A device as claimed in at least one of the preceding 35 
claims, characterised in that said cam (44) engages 
the protuberance (47) of said lever (45). 

40. A device as claimed in claim 34 or 35, characterised 

in that said data acquisition systems comprise a 40 
dedicated enabling means to prevent possible tam- 
pering and/or adjustment, and whose absence pre- 
vents the use of said data acquisition systems. 

41 . A device as claimed in the preceding claim, charac- *s 
terised in that said dedicated enabling means is a 
pulse code. 

42. A device as claimed in claim 40, characterised in 
that said dedicated enabling means is a jack plug, so 

43. A device as claimed in claim 34 or 40, characterised 
in that said electronic circuit (1 2) comprises a mem- 
ory device to maintain the data inserted into said 
data acquisition systems via said enabling means, ss 
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